Introduction
Cancers of the oropharynx with an incidence of 390,000 per year represent a global health problem. In the last 40 years an increased incidence and mortality of oropharyngeal squamous cell carcinoma are noted world wide (1) . An improved understanding of the biology of squamous cell carcinoma (SCC) of the oral cavity and its proposed precursors in some instances such as oral leukoplakia with and without dysplasia could potentially identify prognostic factors allowing tailoring of preventive and surgical strategies.
During the process of malignant transformation of oral epithelium, oral leukoplakia represents one of the first morphologically recognizable epithelial alterations. In this regard, oral leukoplakia is therefore an important lesion for clinical preventive investigation and an improved understanding of molecular changes during the transformation process. Numerous molecular-biological and clinicopathological studies have increased the knowledge on the alteration of cytokeratin expression in tumour biology. Intermediary filaments (IFs) are essential intracellular components, underlying or reflecting distinct cellular properties and differentiation stages in epithelial organs.
Stratified epithelium is usually characterized by the expression of Ck 5 and Ck 14, mainly in the basal cell layers and is associated with the proliferative potential of these cells (2, 3) . The intermediary cell layers of keratinizing stratified epithelium shows an additional expression of Ck's 1 and 10, which are regarded as signs of cellular differentiation (2) . In contrast, glandular epithelia reveal the expression of cytokeratins Ck's 8/18 and 19 as typical features. The expression of Ck 8/18 and the suprabasal expression of Ck 19 seem to be correlated with the premalignant transformation in oral epithelium (4) .
The aim of this study was to evaluate alterations in cytokeratin expression in oral leukoplakia without dysplasia, oral leukoplakia with dysplasia (SIN, squamous intraepithelial neoplasia) and oral squamous cell carcinomas (OSCCs) by the use of tissue microarrays and immunohistochemistry.
Materials and methods
Patients and tumour material. Tissue samples of patients with histologically proven oral leukoplakia (n=140) and squamous cell carcinoma (n=192) treated surgically were eligible for the study. From all available cases new sections were prepared for histological re-evaluation and grading according to the squamous intraepithelial neoplasia concept.
All patients with oral leukoplakia underwent biopsy. Leukoplakia with any grade of dysplasia were treated surgical with resection of the whole lesion with a dysplastic-free margin.
All patients with squamous cell carcinoma underwent surgical treatment including radical resection of the whole tumour with a free histopathological margin of at least 4 mm from the tumour borders. Selective neck dissection of level I, II, III and V was performed in case of suspect results in preoperative tumour staging by computer tomography or sonography examination or in case of tumour size over 2 cm, bilateral selective neck dissection was performed when the tumour spread the midline [according to the recommendation of Robins et al (5) ]. All tumours were classified post-surgically according to the TNM system (6). For tissue microarray (TMA) construction, two punch biopsies with a diameter of 0.6 mm from each donor block were taken and transferred into the new acceptor block. TMA construction was performed by using a special tissue microarray instrument (Beecher Instruments, NJ, USA), according to standard protocols (7, 8) .
Immunohistochemistry was performed on 4-μm-thick TMA sections. After deparaffinization and rehydration, endogenous peroxidase activity was blocked for 30 min in methanol containing 0.3% hydrogen peroxide. After antigen retrieval, a cooling-off period of 20 min preceded the incubation of the primary antibody. Thereafter, the catalyzed signal amplification system (Dako, Glostrup, Denmark) was used for Ck 5-6, Ck 8/18, Ck 1, Ck 10, Ck 14, Ck 19 staining according to the manufacturer's instructions.
All antibodies were detected by a standard avidin-biotin complex method with a biotinylated rabbit anti-mouse antibody (Dako) and an avidin-biotin complex (Dako). All stainings were developed with diaminobenzidine. Before the slides were mounted, all sections were counterstained for 45 sec with hematoxylin and dehydrated in alcohol and xylene. Appropriate negative controls (obtained by omission of the primary antibody) and positive controls were used throughout.
The 
Results
The series comprised 192 patients with OSCC, 117 patients with oral leukoplakia and 23 with dysplastic oral leukoplakia. All tumours were classified post-surgically according to the TNM system (6) . Clinical and tumour details of the patients with oral squamous cell cancer and leukoplakia are shown in Tables I and II . On average 86% of all cores could be evaluated for the expression of intermediate filaments.
Immunohistochemical examination showed that Ck 8/18, Ck 5, Ck 1, Ck 10, Ck 14, Ck 19 reactivity was confined homogeneously to the cytoplasma of the positive cells. The expression levels did not differ significantly for the vast majority of the cases between the two core biopsies representing one case, indicating a rather homogeneous expression (Fig. 1) .
Detectable levels of Ck 8/18 (Ck 8/18 ≥1%) were found in 66.7% (120/180) of the oral SCCs, in 1.0% (1/105) of the oral leukoplakia and 13.0% (3/23) of the oral leukoplakia with dysplasia. Detectable levels of Ck 19 (Ck 19 ≥1%) were found in 40.6% (61/150) of the investigated tumour specimens, in 9.4% (10/106) of the oral leukoplakia and 27.2% (6/22) of the oral leukoplakia with dysplasia.
Cases of positive cytokeratin 8/18 expression increased from 1.0% (1/105) in leukoplakia to 13.0% (3/23) in leuko- Table I . Tumour patient cases in this study. Table II . Oral leukoplakia patient cases in this study.
54 years (range 22-86 years) Sex 84 men, 56 women Dysplasia 117 oral leukoplakia without dysplasia
plakia with dysplasia to 66.7% (120/180) in oral squamous cell carcinoma (Fig. 2) . The expression of Ck 8/18 were significantly correlated in the χ 2 test with dysplastic transformation in leukoplakia (p<0.01) and were significantly higher expressed in OSCCs (0<0.01) ( Table III) .
The expression of Ck 19 showed likewise an increased number of positive cases dependent on the status of transformation (leukoplakia without dysplasia 9.4% (10/106), leukoplakia with dysplasia 27.2% (6/22) and OSCCs 40.6% (61/150) (Fig. 2) . The expression of Ck 19 were significantly correlated in the χ 2 test with dysplastic transformation in leukoplakia (p=0.02) and in OSCCs (p<0.01) (Table III) .
Ck 1 expression was significantly reduced in oral squamous cell carcinomas compared to oral leukoplakia (p<0.01). The expression of Ck 1 was seen in SIN without the degree of dysplasia.
The expression of Ck 8/18 and Ck 19 revealed no significant correlation. No correlation was found between malignant transformation (leukoplakias vs. invasive carcinomas) and the expression Ck 5/6, Ck 14 and Ck 10 in χ 2 test.
Discussion
The pathogenesis of squamous cell carcinomas is poorly understood. A variety of cell biological markers mainly involved in cell proliferation and apoptosis have been described. In various other entities it could also be shown that the abberant expression of cytokeratins as a main family of intermediate filaments might add additional prognostic significance. In detail, various studies have shown an association between changes in the intermediate filament expression and altered cellular behaviour (9,10). The aim of this study was to expand on these data, and re-evaluate the progostic relevance in a greater specimen series.
In this study we were able to demonstrate that oral SSCs express Ck 1 in a significantly lower frequency compared to oral leukoplakias (p<0.01). However, no significant alteration of Ck 1 expression was found within the group of oral leukoplakia dependent on the degrees of histological dysplasia. In contrast, Ck 10 revealed a stable expression in comparison to OL and OSCC. These results are in line with previous studies showing a reduction of Ck 1 in relation to the degree of intraepithelial dysplasia (11) . Our results therefore also underline the interpretation that the aberrant expression of Ck 1 is a reflection of epithelial differentiation in the context of a preneoplastic transformation (12, 13) . In contrast, the presence of Ck 10 might delay tumour development (14) . Taken together the loss of Ck 1/10 has a potential prognostic value in the appraisal of premalignant oral lesions (15) .
Mature, healthy non-keratinizing stratified squamous epithelium of the upper aerodigestive tract normally expresses Ck 19 in the basal layer, but is not characterized by the expression of Ck 8/18 (16). Interestingly we were able to demonstrate a high frequency of Ck 8/18 expression in oral leukoplakia. Oral leukoplakia with dysplasia displayed a significantly higher frequency compared to oral leukoplakia without dysplasia, but still a significant difference could be shown compared to oral SCCs (OL vs. OSCC's p<0.01; OL vs. OLD p=0.03). The interpretation of these finding offers several explanations. The de novo-expression of Ck 8/18 in previously negative epithelium during malignant transformation might be regarded as return towards embryonal expression patterns (17) . The expression of Ck 8 and 18 could be observed in fetal buccal mucosa and tongue epithelium until 27 weeks of gestation (18) . On the other hand the expression of Ck 8/18 in association with Ck 19, a previously described stem cell marker, might reflect in accordance with the above mentioned embryonal hypothesis, the multi-potential differentiation patterns of the original tumour stem cells. In a previous study we showed a decreased overall prognosis in relation to the expression of Ck 8/18 (19) . Recent studies could show that this cytokeratin pair seems to play an important role in the pathogenesis and progression of OSCCs. The transfection of buccal mucosa cells with a vector for Ck 8/18 resulted in a significantly altered cellular morphology and increased cell motilityfeatures associated with or being prerequisites for invasive tumour behaviour (20) . This was in line with previous experiments in melanoma cells (21) . A spontaneous induction of Ck's 8 and 18 expression could be shown in SV40T-immortalized buccal mucosa cells, in tobacco induced leukoplakia and after introduction of v-H-Ras in epidermal mouse keratinocytes (22) . The involvement of Ck 8/18 in SCC progression could further be demonstrated in chemically induced SCCs in the mouse skin. Whereas SCCs in mouse epidermis were Ck 8/18 positive, non-invasive papillomas did not show this feature. Additionally, Ck 8/18 seems to modulate the transformation process and leads to resistance of the Fas induced apoptosis (23, 24) . However, the underlying disturbed intra-and extracellular regulation mechanisms have not been characterized in detail yet. However, our results show that the altered cytokeratin expression patterns are a rather early event in the pathogenesis of oral SCC's. In line with these findings, further studies have described a low expression of Ck 8 at the healthy side in tumour border regions whereas invasive squamous tumour cells showed a high expression level. Therefore, Ck 8/18 is a marker in appraisal of alterated cells in a premaligant stages and early cancer (25) (26) (27) .
In our investigation, the Ck 19 expression shows similar results to the expression of Ck 8/18. We found a significant higher amount of Ck 19 expression dependent on the degree of epithelial transformation (OL vs. OSCC's p<0.01; OL vs. OLD p=0.021). Similar results are reported in the literature. The expression of Ck 19 seems to be a common event in dysplastic lesions (27, 28) and is mainly interpreted as a marker of dysfunctional epithelial differentiation (29) . It is therefore worth speculating that Ck 8/18 and Ck 19 are possible markers in the evaluation of the margin after tumour resection in otherwise morphologically normal-appearing epithelium as shown in the past. Investigations of field cancerisation revealed Ck 19 positivity adjacent to 1 cm of a tumour-free resection margin. Noteworthy the same study showed that Ck 8 expression within this range could be Table III . Expression profile of cytokeratins. ---------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------- OL, oral leukoplakia without dysplasia; OLD, oral leukoplakia with dysplasia; OSCC, oral squamous cell carcinoma; -, negative; +, positive.
-----------------------------------------------------------------------------------------------------
observed in up to 30% of the cases (30) . This will additionally support the value of cytokeratin alteration during pathogenesis of oral cancer.
In conclusion, our results in a series of 192 squamous cell carcinomas, 117 leukoplakia and 23 leukoplakia with dysplasia of the oral cavity showed an important change in the cytokeratin expression pattern for Ck 8/18 and 19 in the initiation and progression of squamous cell carcinomas and its precursor lesions. From a clinical point of view it seems advisable to resect oral leukoplakia with an expression of Ck 8/18 or 19 independent of dysplasia. This is of special importance against the background that Ck 8/18 and Ck 19 positive carcinomas revealed a significantly decreased prognosis.
